A full Navier-Stokes solver has been used t o model transonic flow over three airfoil sections. The method uses a two-dimensional, implicit, conservative finite difference scheme for solving the compressible Navier-Stokes equations. Results are presented as prescribed for the Viscous Transonic Airfoil Workshop to held at the AIAA 25th Aerospace Sciences Meeting. "Jones" airfoils have been investigated for both attached and separated transonic flows. Predictions for pressure distributions, loads, skin friction coefficients, boundary 1 ayer displacement thickness and velocity profiles are included and compared with experimental data when possible. Overall, the results are in good agreement with experimental data. The NACA 0012, RAE 2822 and a C CD CF CL CLmax CP DCL / DA DEL DSTAR e J Minf Nomenclature angle of attack, a (deg) chordlength drag coefficient skin friction coefficient base on free-stream conditions This paper is dccland a work of Ik U.S. C o v m w l 1. d ~0 1 subject Io MpYybl ciroldiaa h t k U d u d SUI-.
Introduction
In recent years, many computer programs have been written that predict the transonic flow properties around an airfoil. codes is to help in the design of airfoils, such as those found on helicopters, propellers, wings, and turbomachinery. flow field is necessary for performance, acoustic and aeroelastic analyses. the quantitative ability of these codes, a workshop has been organized to compare a variety o f flow solvers. These are all capable of producing airfoil solutions over a wide range of flow conditions, including both attached and separated transonic flow. The predictions from individual flow solvers are to be presented at the Viscous Transonic Airfoil Workshop in coordination with the AIAA 25th Aerospace Sciences Meeting. will be combined for the Fluid Dynamics Meeting six months later. The present study shows results from one of the flow solvers to be presented at the workshop. An unsteady, two-dimensional, full
The purpose of these Accurate prediction of the In order to determine
The results
Navier-Stokes s o l v e r i s used t o compute t h e flowf i e l d around t h e t h r e e a i r f o i l s shown i n Fig. 1 .
The r e q u i r e d p l o t s f o r t h e workshop a r e summarized i n Table 1 . Results f o r these t e s t cases a r e presented t o h e l p determine t h e q u a n t i t a t i v e a b i li t y of t h e present Navier-Stokes s o l v e r b y comp a r i n g t h e r e s u l t s w i t h experimental data.
Numerical Procedure
The program addresses t h e two-dimensional f l o w problem b y s o l v i n g t h e unsteady, two-dimensional, Reynol ds-averaged, compressible Navier-Stokes equations on a body-fitted coordinate system i n s t r o n g conservation f o r m u s i n g an AD1 procedure.
The f o r m u l a t i o n has been described i n Ref. 1 
Standard c e n t r a l differences were used t o compute t h e q u a n t i t i e s such as these q u a n t i t i e s i n t u r n were used i n Eqs. ( 2 ) and
( 3 ) t o compute gx, sy, e t c . A t t h e boundaries, three-point one-sided d i f f e r e n c e s were used t o compute t h e metrics. The f a r f i e l d bounda r i e s a r e assumed t o be undisturbed; except a t t h e downstream boundary, where t h e v e l o c i t i e s (u,v) and t h e e n t r o p y a r e extrapolated from t h e i n t e r i o r . I n t h i s coordinate system, t h e two-dimensional unsteady Navier-Stokes equations may be w r i t t e n as f o l 1 ows : NACA 0012 AIRFOIL; A = 0: Re = 9 . 0 0~1 0~. 
